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Introduction:

NASA Marshall Space Flight Center (MSFC) has committed its resources to develop the Bantam
System Technology Program. This initiative seeks to demonstrate technology applicable to low-cost,
innovative, and unique rocket system payoffs for the next generation rocket propulsion systems. One
component of this project is the MSFC Ablative Engine. The objective of the Ablative Engine Program
is to demonstrate low-cost hardware using low part count design, commercial off-the-shelf (COTS)
materials, and low cost fabrication methods. Pratt & Whitney’s Twin Rotor Turbopump (TRT) program
will produce a demonstrator of an alternative turbopump configuration for the MSFC Ablative Engine.

The TRT is a liquid oxygen/kerosene (LOX/RP-1) turbopump that incorporates two similar counter-
rotating rotors in a back-to-back configuration. These one-piece rotors have integrally bladed propellant
impellers and drive turbines, and are supported by hydrostatic bearings. The rotors are housed in two
similar housings, which are assembled back-to back. The configuration is shown in Figure 1.

Counter-Rotating Vaneless Turbine Insulated Pump Housings

Thermally Free Turbine Flow Guide

Split Hydrostatic Bearings
(Both Rotors)

One Piece Integrally
Bladed Rotors

RP Bearings \

LOX Bearing

H, Bearing

Figure 1. Twin Rotor Turbopump Configuration

The program consists of five tasks: (1) project direction; (2) systems engineering; (3) turbopump design;
(4) hardware fabrication; (5) hardware assembly and delivery

Page 1



FR24756-4
2 August, 1997

Task 1 - Project Direction:
Weekly Integrated Product Team (IPT) meetings were held with participation from P&W functional

groups. Additionally, the NASA technical lead has been supplied with updated technical information
regarding the turbopump design. These changes are discussed in detail in the “Task 3” section of this
progress report.

The program schedule has been updated to reflect the current program status. The updated schedule is
shown in Attachment 1.

Task 2 - Systems Engineering:

A preliminary design table has been established for the TRT. The table is based on the pump and
turbine flow conditions established for the TRT per the Contract Statement of Work, and supplemented
by secondary flow conditions generated by P&W’s design codes. The current design table for the TRT
is shown in Attachment 2. Revisions from the table presented in last month’s report are highlighted.
The changes are primarily due to matching the pump and bearing components to the redesigned turbine
identified in last month’s report.

Task 3 - Turbopump Design:
An Interim Review was held at Pratt & Whitney’s West Palm Beach facility on 1 July 1997. The

attendees and minutes of the review are contained in Attachment 3. The focus of the review was to
present the TRT design to NASA prior to proceeding with detail component design and analysis. The
handout for the review is contained in Attachment 4.

Preliminary thermal analysis carried out during this reporting period indicated the need to isolate the
split hydrostatic bearings from the housings to ensure dimensional stability of the bearings. It was also
deemed to be necessary to reduce the heat transfer rate between the turbine drive fluid and the housings.
The first objective was achieved by adding a sleeve each of the split bearing packages. The latter
objective will be achieved by adding ceramic cloth insulation (Fiberfrax® AL,03/SiO;) between the
turbine flow guides (volutes) and the housings.

The outside profile of the turbopump housings is being adjusted to reflect the revised aerodynamic

contour of the selected turbine rotor design. In keeping with the program goal of producing low-cost
components, the housings are generally cylindrical in cross-section to simplify the casting process.

Figure'2 illustrates the changes to the turbopump configuration.
Structural analysis of the final configuration has started with analysis of the RP-1 rotor. An electronic

model of the rotor has been prepared and submitted to the Rocket Engine Structures department to carry
out a 3-D analysis. The configuration of the model is illustrated in Figure 3.
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Task 4 - Hardware Fabrication:

Preliminary sketches for the turbine flow guides and vanes, produced under the design task were been
sent to suppliers to obtain price quotations and allow us to select a supplier. Dialogue with our currently
selected suppliers to identify cost-effective configuration details, such as tolerances, fillet radii, surface
finish, etc. is being carried out concurrently with the design activity.

Ceramic Cloth Insulation

Simplified Housing Profile

. Hydrostatic Bearing Sieeve
(Both Sides)

(Both Sides)

Split Hydrostatic Bearings
(Reference)

RP Bearings
(Reference)

LOX Bearing
(Reference)

H, Bearing
(Reference)

Figure 2. Twin Rotor Turbopump Configuration Changes

Task 5 - Hardware Assembly and Delivery:
Assembly activity is not scheduled to start until CY1998. The Rocket Assembly area is represented in

the IPT.
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Figure 3. Illustration of RP-1 Rotor Model
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Twin Rotor Turbopump Schedule
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Attachment 2 - Design Table for the Twin Rotor Turbopump
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Pump Performance Characteristics RP-1 LOX
Delivered Flowrate, Ib/s 64.3 139.3
Inlet Pressure, psi 28 46
Exit Pressure, psi 960 919
Inlet Temperature, R 530 166
NPSH Average, ft 73.3 56.9
Total Pump Flowrate, Ib/s 69.0 * 141.8
Exit Temperature, R 537 171
Efficiency 67 * 66 *
Impeller Power, Hp 445 * 670 *
Backface Vane Power, Hp 58 * 27 *
Vaporizer Power, Hp N/A 22.6*
Windage Loss, Hp 124 * 63.4 *
Speed, RPM 18,000 * 23,000
Specific Speed 1200 * 2520
Head Rise, ft 2677 * 1780
Exit Diameter, in 5.30 * 3.9
Tip Speed, ft/s 416 * 390
Pump-End Bearing Flow, Ib/s 0.72 * 1.06 *
Turbine-End Bearing Flow, 1b/s 0.56 * (He 1.1) *
Thrust Bearing Flow, Ib/s 3.57* 2.59 *

Turbine Performance Characteristics RP-1 LOX
Flow Rate, Ib/s 7.1 7.1
Inlet Pressure, psi 540 173 *
Exit Total Pressure, psi 210 52.7 %
Inlet Total Temp., R 1600 1497 *
Exit Static Pressure, psi 120 * 38
Efficiency (T/T) 62.4 * 78.4 *
Efficiency (T/S) 48.0 * 62.0 *
Pressure Ratio (T/T) 3.07 * 3.27*
Pressure Ratio (T/S) 4.46 4.19
Power, Hp 627 * 783 *
Speed, RPM 18,000 * 23,000
Inlet Mean Diameter, in 9.80 9.80
Maximum Tip Speed, ft/s 806 * 1073 *
AN’ x 10° 23 * 77
U/C, actual 0.435 * 0.495 *
Gas Constant, ft-1b/Ib-R 45.8 45.8
Gamma 1.108 1.108
Exit Relative Mach No. 1.36 * 1.38 *
Exit Absolute Mach No. 0.81 * 0.77 *

Note: Parameters in italics represent requirements per tables 1 and 2 of the Contract SOW, with

modifications as directed by NASA.

* Revised from previous reporting period
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Attachment 3

Attendees

Twin Rotor Turbopump Interim Review - 1 July 1997

Pratt & Whitney - Space Propulsion Division

Name'~ 70" " TOrganizatiomislic - < Telephone

Jim Clark P&W Aerotheral Group 561-796-4898
Don Connell P&W Proect Engineering 561-796-3782
Andy Crocker Rocket Systems Engr. 561-796-3215
Tony Crease Rocket Systems Engr. 561-796-8984
Eric Earhart NASA - Rotor Dynamics 205-544-2417
Scott Erler LRE Analytical Engr 561-796-2868
Jim French P&W Prog. Manager 205-721-2602
Roberto Garcia NASA - Fluid Mech. 205-544-4974
Thomas Haykin P&W LRE 561-796-6848
David Hudson Structures 561-796-8831
Tim Jett NASA - Bearings 205-544-2514
Kent Johnson Production/Development 561-796-7042
Jack Macpherson NASA Proj. Engr. 205-544-5936
W. Magrogran PWA Projects 561-796-5232
J. C. Miller P&W Contracts 561-796-6151
Stuart Montgomery LRE Structures 561-796-8832
Bill Munn LRE - Str./Dyn. 561-796-4047
Debbie Paul P&W Project 561-796-3954
Eric Poole LRE Structures 561-796-2604
Jorge Santiago P&W Proj Engr 561-796-5131
Bruce Smith Turbine Aero 561-796-4531
Ed Stastny P&W Mechanical Design 561-796-4269
Carol W. Tevepaugh P&W Huntsville Office 205-721-2609
David Wiley 561-796-8862

P&W Mechanical Design

Attachment 3 - Page 1

FR24756-4
2 August, 1997




FR24756-4
2 August, 1997

MINUTES OF TWIN ROTOR TURBOPUMP INTERIM REVIEW
1 July 1997

The notes below correspond to the different sections of the presentation.

Turbopump System Performance
¢ Inlet total pressure figures on page 2 need correction. (Corrected sheets were supplied
to all attendees prior to the end of the review.)

Pump Design

® NASA (Robert Garcia) is interested in doing CFD analysis of LOX pump. P&W to
give NASA a target date when we would have a final design and when supplier needs
to start machining to see if this effort would be timely.

Turbine Rotor Design

e NASA (Jack MacPherson) asked if we had a concern about erosion due to vortex
shedding. P&W (Jim Clark) indicated past experience is that vortex shedding was
strongly influenced by tip clearance and our experience indicated there wouldn’t be
much effect at the planned clearances for the TRT.

o NASA (Robert Garcia) asked about blockage due to soot buildup. He suggested
talking to Shawn Fears to get estimate of potential reduction in area.

e NASA (Jack MacPherson) wanted to know what thermal margin the turbine would
have to ensure the gas generator would not over-temperature the pump. Ed Stastny
indicated preliminary calculations indicated the blades had approximately 500 margin.
Jack indicated there was preliminary gas generator data available.

Bearing Design

¢ On page 8, the correct diameter/clearance ratio for the TAMU LOX Hydrostatic
Journal Bearing is 486, not 1745.

e NASA (Robert Garcia) asked whether CalTech studies on predicting rotor dynamic
coefficients for impeller shrouds, and subsequent discovery of destabilizing force
were applicable to the thrust pistons. P&W (Dave Hudson) indicated we are familiar
with those studies, and we’d review to determine if applicable.

Structural Analysis

e (NASA) Robert Garcia expressed a concern regarding the level of structural analysis
as regards deflections. P&W (Eric Poole and Stu Mann) indicated the final design
would be subject to a complete 3-D analysis.

Heat Transfer/Internal Flow

e (NASA) Robert Garcia suggested we look into reducing the backface vane count.
This change might reduce power requirement without significantly reducing
effectiveness. He also suggested making it same as the vane count to avoid
introducing another driver.

(original signed by) (original signed by)
Jack MacPherson - NASA Jorge Santiago - Pratt & Whitney
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Attachment 4
Interim Review Handout

The handout for the Interim Review follows.
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Twin Rotor Turbopump
Interim Review
1 July 1997

CFD Results - Flowpath Vectors (SAMPLE)
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PRATT & WHITNEY - SPACE PROPULSION DIVISION

Turbine Volute Design
Volute Prel
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Twin Rotor Turbopump
Interim Review
1 July 1997

Turbine Rotor Design

PRATT & WHITNEY - SPACE PROPULSION DIVISION

Design Approach

Meanline (1-D)

1omod

Jemod

LOX Speed

RP-1 Speed

2-D Navier-Stokes

$807)90ys

(20K grid nodes)

Geometry

Shock Field

3-D Navier-Stokes

(1.3M grid nodes)
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